
© Fraunhofer IZFP-D © Fraunhofer IZFP-D 

1 

NANO-SCALE CHARACTERIZATION OF ULK AND BEOL 
STRUCTURES: MODULUS MAPPING AND WEDGE 
INDENTATION ADHESION MEASUREMENTS 

Fraunhofer IZFP Dresden, Germany  

Kong Boon Yeap, Christoph Sander,   
Malgorzata Kopycinska-Müller, 
Martin Gall, 
Ehrenfried Zschech 

Institute of High Performance Computing, Singapore  

Lei Chen 

Martin Luther Universität Halle, Germany  

Marco Jungmann, Reinhard Krause-Rehberg 

SBA Materials, USA  

Sukesh Mahajan 



© Fraunhofer IZFP-D 

2 

Outline 

Á Motivation  

Á Nanoindentation and FE simulation on different pore 

topology of OSG (organosilicate glass)  

Á Measurement of the effective CTE of BEoL structure  

Á Wedge -Indentation on SA-OSG (self-assembled OSG) 

Á Conclusion 
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MOTIVATION 

multi -scale database 
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3D TSV scheme 
Integrated Heterogeneous 2 -Die Stack 

 

ÁTier 1 : CMOS Logic SoC 
ÁTSV (connect fronts ide  to backs ide)  

ÁVery thin Wafer (manage TSV aspect ratio)  

ÁActive face down incl. BEoL 

ÁInterface µ -Bump 
ÁBackside RDL Metal (interface to µ -Bump and/or 

routing to allow offset of µ -Bump vs TSV) 

Áµ-Bump (Tier to Tier interconnect)  

ÁVery thin underfill  

ÁTier 2 : Commercial Die  
ÁMemory or Analog die, orŻ  

ÁFrontside  Metal  (interface to µ -Bump) 

ÁActive face down & Pretty Thin  

ÁFlip Chip (C4) Bump 
ÁRegular flip chip bump  

ÁRegular underfill  

ÁPackage 
ÁRegular PCB substrate 

ÁRegular plastic molding  

ÁRegular Package BGA Bump 

Tier 1 
Thickness ~ 10ôs of 

um Active Face Down 

Tier 1 FEOL 
Thickness ~ 1ôs of um 

BackSide Metal 
Width ~ 1ôs of um 

Pitch ~ 10ôs of um 

µ-Bump 
Size ~ 10ôs of um 

Pitch ~ 10ôs of um 

Underfill 
Gap ~ low 10ôs of um 

Tier 2 
Thickness ~ 100 um 

Active Face Down 

Tier 2 FEOL 
Thickness ~ 1ôs of um 

Package Substrate 
Thickness ~ 100ôs of um 

Underfill 
Gap ~ hi 10ôs of um 

~ mm 

Flip Chip Bump 
Size ~ <100 um 

Pitch ~ 100  um 

TSV 
Size ~ 1ôs of um 

Pitch ~ 10ôs of um 

Courtesy: R. Radojcic, Qualcomm  
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Studied 3D IC 

ÅYoungƀs modulus Ɖ Nanoindentation  

Å CTE Ɖ Coefficient of Thermal Expansion  

Å Adhesion of Ultra Low K on Silicon Ɖ Wedge Indentation  

Micro -XCT Courtesy: Peter Krüger  

Tier 1 
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Stress-related phenomena caused by 3D TSV integration influence:  

Å chip performance (and variability),  

Å yield and reliability.  

 

Stress management  in complex systems requires:  

Å multi -scale modeling, including accurate MULTI -SCALE MATERIALS DATA 

Å Input data for simulation  

Å Model validation (and calibration)  

 
 Č Multi -scale materials database concept 1 

 

Multi -scale Materials  Characterization needed  

Å Multi -scale (thermo -)mechanical materials data  

1 V. Sukharev, E. Zschech, Int. Workshop ƁStress Management for 3D ICs using Through 
Silicon ViasƂ, Albany/NY 2010, AIP Proc. 1378, pp. 21 Ɖ 49 (2011) 

Stress engineering in 3D IC structures: Need of database and 
input for database: Multi-scale materials data 
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NANO-INDENTATION TECHNIQUE 

Youngƀs Modulus 
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Motivation 

Relations between mechanical properties and structure at micro - 
and nano -scale: 

Á  Optimum pore/molecular structure (CPI and dielectric reliability)  

Á  Enable a physics-based IC design 

Courtesy of Xiaopeng Xu, Synopsys Inc. 
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Dielectric constant below 2.0 and sufficient mechanical integrity:  
 -> ULK materials are tailored at multiple scales.  

Scale: 100nm 10nm 

50nm 

50nm 

50nm 

random 

Kim et al. APL, Fan et al. Nat.Mater., Dubois et al. Adv.Mater., Landskorn et al. Science 

Molecular and atomic 

Modified molecular bonds 

Introduction 

Characterization of the multiscale  properties Ɖ structure relationship  
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Å The heart of a Nanoindentation system lies in the actuator and sensors 
mechanism 

Å Capacitive or Electrostatic Force Actuation and Depth Sensing  

Å Best machine performance: FORCE ~30nN, DISPLACEMENT ~0.1nm 

 
Courtesy of Hysitron Inc. and Agilent Technologies 

Indenting at Micro/Nano-scale 
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High resolution nanomechanical testing 

Å Displacement length scale similar 
to the nanostructure of interest  

Å Nanoscale structure -property 
relation  

Load-displacement 

data at single 

nanometer scale 


